Introduction
============

Pelvic fractures are associated with significant mortality, ranging from 5% to 40% in the literature^[@B1]-[@B6])^. Hemodynamic instability and multiple organ failure as direct consequences of pelvic hemorrhaging have been identified as the primary causes of death following pelvic fracture^[@B3])^. Therefore, the early recognition and prompt treatment of unstable hemodynamic conditions associated with severe pelvic fractures can improve patient outcomes. Although fractures of the transverse process of L5 (L5 TP) are commonly thought to be minor injuries compared with fractures of the spinal body, several authors have reported that an L5 TP fracture may be associated with the presence and/or severity of a pelvic fracture, and other organ injuries^[@B7]-[@B11])^. However, Nasef et al.^[@B12])^ failed to identify a relationship between L5 TP fractures and the stability of the pelvic ring in a recent meta-analysis.

When suspicion is raised concerning a pelvic fracture from a high-energy injury, the standard first trauma radiograph is an anteroposterior view of the pelvis in the emergency setting. Although the pelvic ring may be displaced at the time of the injury, pelvic fracture may be reduced by the prehospital use of pelvic binders.

Since this situation can make the presence of pelvic fracture less apparent radiologically, the identification of an L5 TP fracture on a plain radiograph may be an indicator of pelvic fractures ([Fig. 1](#g001){ref-type="fig"}). However, there is little evidence of this. In previous reports concerning the association between an L5 TP fracture and pelvic fractures, the diagnosis of L5 TP fracture was evaluated mostly using computed tomography (CT)^[@B7]-[@B11])^ ([Tables 1](#t001){ref-type="table"}, [2](#t002){ref-type="table"}).

![A 42-year-old man with low back pain due to fall from height. (a) Anteroposterior X-ray of the pelvis. (b) Pelvic CT. Anteroposterior X-ray of the pelvis (a) showed right L5 TP fracture but no sacral fracture. Pelvic CT (b) demonstrated sacral alar.](2432-261X-3-0342-g001){#g001}

###### 

Characteristics of Previous Reports.

  ------------------------------------------------------------------------------------------------------------------------------------------------
  Author, Year             Total   study design    Age (years; mean \[range\])   Male/female   Device used to diagnose L5TP fracture   Mechanism
  ------------------------ ------- --------------- ----------------------------- ------------- --------------------------------------- -----------
  Reis^[@B7]^, 1985        5       retrospective   31 (22-45)                    3/2           Plain Radiograph                        20% TA\
                                                                                                                                       60% FFH

  Starks^[@B8]^, 2011      80      retrospective   40 (10-96)                    48/32         CT                                      58.7% TA\
                                                                                                                                       13.7% FFH

  Chmelova^[@B10]^, 2011   106     retrospective   43 (16-95)                    68/38         Plain Radiograph, CT                    NA

  Maqungo^[@B11]^, 2015    54      retrospective   NA                            NA            CT                                      77% TA\
                                                                                                                                       20%FFH

  Our study                146     retrospective   60 (5-97)                     82/64         Plain Radiograph                        47% TA\
                                                                                                                                       45% FFH
  ------------------------------------------------------------------------------------------------------------------------------------------------

TA: traffic accident; FFH: fall from height; TP: transverse process

###### 

Overview of Reports.

  Author, Year             Total   Device used to diagnose L5TP fracture   Stable fracture   Unstable fracture   Conclusion/comments
  ------------------------ ------- --------------------------------------- ----------------- ------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Reis^[@B7]^, 1985        5       Radiograph                              4/0               1/0                 L5 TP fracture may be the only radiological sign of pelvic instability in cases of posterior pelvic injury.
  Starks^[@B8]^, 2011      80      CT                                      3/42              14/21               L5 TP fracture is highly associated with an unstable pelvic fracture pattern.
  Chmelova^[@B10]^, 2011   106     Radiograph, CT                          0/22              21/63               L5 TP fracture is highly associated with an unstable pelvic fracture pattern.
  Maqungo^[@B11]^, 2015    54      CT                                      7/21              5/21                The presence of L5 TP fracture strongly indicates an underlying pelvic ring fracture (p=0.001); however, it does not indicate an unstable pattern of pelvic ring fracture.
  Our study                146     Radiograph                              10/94             10/32               L5 TP fractures on radiograph and/or may be regarded as an indicator of the severity of pelvic fracture in relation to the unstable fracture. However, a multiple regression analysis revealed that L5 TP fractures on radiograph and/or CT indicate sacral fracture, not an unstable fracture.
  CT                       11/93   16/26                                                                         

Thus, the association between L5 TP fracture on plain radiography and pelvic fractures remains unclear, as do the characteristics of L5 TP pelvic fractures on radiography and CT. The objective of this study was to investigate the association between L5 TP fracture and the presence and severity of pelvic fractures on radiography and CT.

Materials and Methods
=====================

A total of 146 consecutive patients who were treated for pelvic fractures from 2009 to 2013 were identified from 3 hospitals\' trauma databases: Saga University Hospital, Karatsu Red Cross Hospital, and Ureshino Medical Hospital. There were 82 women and 64 men with a mean age of 60 years (5 to 97). This study was approved by the institutional ethics committee of all three hospitals. Every patient had an anteroposterior view of the chest and pelvis as well as a CT scan of the head, chest, abdomen, and pelvis obtained on admission. The patient demographics, site of pelvic fracture, presence of an L5 TP fracture on radiography and CT, associated injuries and need for blood transfusion or surgical intervention, as well as mortality were investigated retrospectively. Sites of pelvic fractures were diagnosed based on both radiographs and CT of the pelvis.

According to the Burgess and Young classification^[@B13])^, the pelvic fractures were divided into stable type (lateral compression \[LC\]1, LC2, and anterior posterior compression \[APC\]1) and unstable type (LC3, APC2, APC3 and vertical shear \[VS\]).

Associated injuries were classified into head, chest, intra-abdominal, long bone fracture, and spinal fracture. Head trauma was defined as fracture of the skull or intracranial injury. Chest trauma was defined as fracture of the thorax bones, pneumo-hemothorax, injury to heart and lung. Intra-abdominal trauma was defined as injury to the gastrointestinal tract, liver, spleen, and kidney. Surgical intervention was defined as trans-artery embolism, or external and/or internal fixation of the pelvis.

The data were analyzed using the chi-square test. The odds ratios for an L5 TP fracture on radiography and CT as an indicator of the severity of pelvic fractures, including associated injuries, were calculated. A p-value \<0.05 was considered to be statistically significant.

Results
=======

Mechanism of injuries and associated injuries
---------------------------------------------

The causes of injury were road traffic injury (47%, n = 68), fall from height (45%, n = 66), crushing (workplace accident) (5%, n = 7) and fall from standing (3%, n = 5).

Most pelvic fractures were the result of high-energy trauma, such as a traffic accident or a fall from a height. In all, there were 42 (29%) unstable fractures, and 100 patients (68%) had associated injuries. Among those enrolled in the study, the prevalence of the associated injuries was as follows: head trauma, 21%, n = 30; chest injury, 33%, n = 48; intra-abdominal trauma, 15%, n = 22; long bone fracture, 38%, n = 56; and spinal fracture, 18%, n = 26. The most common associated injuries were to the chest and fractures of long bones.

Radiography vs. CT in detecting L5 TP fracture
----------------------------------------------

Among all patients, CT identified 37 of 39 L5 TP fractures (95%), whereas radiography detected 20 of 39 L5 TP fractures (51%). Only 2 patients (2%) had an L5 TP fracture that was detected on radiography but not CT.

In contrast, 21 L5 TP fractures (54%) were identified on CT but overlooked on radiography because of a poor image quality, excessive bowel gas, fecal material, or artifacts, even with the knowledge that fractures were present. The p-value was \<0.0001, showing that CT was more sensitive for finding L5 fractures than radiography.

The comparison of various parameters with and without an L5 TP fracture based on both radiograph and CT
-------------------------------------------------------------------------------------------------------

Results of the comparison between L5 TP fracture and no-L5 TP fracture are shown in [Tables 3](#t003){ref-type="table"}, [4](#t004){ref-type="table"}. Based on either radiograph or CT, patients in the L5 TP fracture group had a significantly higher rate of unstable fracture; fracture of the sacrum, pubis, and ischium; need for blood transfusion; and need for surgical intervention than patients in the no-L5 TP fracture group. Furthermore, on CT only, patients in the L5 TP fracture group had a significantly higher mortality rate than those in the no-L5 TP fracture group ([Table 3](#t003){ref-type="table"}, [4](#t004){ref-type="table"}).

###### 

Parameters with and without an L5 TP Fracture Based on Radiograph Findings.

                                   L5 TP fracture         No-L5 TP fracture   P value    
  -------------------------------- ---------------------- ------------------- ---------- -----------
  Unstable fracture                10 (50%)               32 (25%)            0.024      
  Pelvic fracture                                                                        
                                   Sacrum                 16 (80%)            45 (36%)   p\<0.0001
                                   Ileum                  7 (35%)             63 (50%)   0.212
                                   Pubis and/or ischium   18 (90%)            83 (66%)   0.03
                                   Acetabulum             4 (20%)             40 (32%)   0.288
  Associated injuries                                                                    
                                   Head                   6 (30%)             24 (19%)   0.26
                                   Chest                  7 (35%)             41 (33%)   0.934
                                   Intra-abdominal        3 (15%)             19 (15%)   0.933
                                   Long bone fracture     8 (40%)             48 (38%)   0.871
                                   Spinal fracture        3 (15%)             23 (18%)   0.724
  Need for blood transfusion       13 (65%)               40 (32%)            0.0004     
  Need for surgical intervention   8 (40%)                16 (13%)            0.045      
  Mortality rate                   3 (15%)                12 (10%)            0.454      

###### 

Parameters with and without an L5 TP Fracture Based on CT Findings.

                                   L5 TP fracture         No-L5 TP fracture   P value     
  -------------------------------- ---------------------- ------------------- ----------- -----------
  Unstable fracture                16 (51%)               26 (24%)            0.024       
  Pelvic fracture                                                                         
                                   Sacrum                 32 (86%)            29 (27%)    p\<0.0001
                                   Ileum                  13 (35%)            57 (52%)    0.071
                                   Pubis and/or ischium   33 (89%)            68 (62%)    0.002
                                   acetabulum             5 (14%)             39 (36%)    0.069
  Associated injuries                                                                     
                                   Head                   11 (30%)            20 (18%)    0.259
                                   Chest                  15 (41%)            33 (30%)    0.251
                                   Intra-abdominal        9 (24%)             13 (12%)    0.069
                                   Long bone fracture     11 (30%)            45 (41%)    0.212
                                   Spinal fracture        10 (27%)            15 (14%)    0.064
  Need for blood transfusion       23 (62%)               30 (28%)            p\<0.0001   
  Need for surgical intervention   9 (24%)                12 (11%)            0.046       
  Mortality rate                   7 (19%)                8 (7%)              0.046       

A multiple logistic regression analysis was performed ([Table 5](#t005){ref-type="table"}). Of the L5 TP fractures detected on radiography, the odds ratio for sacral fractures in the L5RP fracture group compared with the non-L5 TP fracture was 4.5 (95% confidence interval \[CI\], 1.1-17.9). Based on CT findings, the odds ratios for sacral fractures and the need for blood transfusion compared with non-L5 TP fracture were 18.2 (95% CI, 5.1-64.9) and 3.2 (95% CI, 1.1-9.1), respectively.

###### 

Results of a Logistic Regression Analysis of the L5 TP Fracture: Radiograph vs. CT.

                                   Radiograph          CT                                                 
  -------------------------------- ------------------- ---------------- --------------- ----------------- -----------
  Unstable fracture                1.2 (0.4-3.9)       0.8              0.5 (0.2-1.6)   0.24              
  Pelvic fracture                                                                                         
                                   Sacrum              4.5 (1.1-17.9)   0.034           18.2 (5.1-64.9)   P\<0.0001
                                   Pubis and ischium   1.7 (0.3-0.8)    0.57            1.0 (0.2-4.4)     0.99
  Need for blood transfusion       2.4 (0.8-7.8)       0.13             3.2 (1.1-9.1)   0.03              
  Need for surgical intervention   1.3 (0.3-4.8)       0.71             0.8 (0.2-3.0)   0.79              
  Mortality rate                   0.6 (0.1-2.6)       0.47             1.3 (0.3-4.9)   0.74              

Discussion
==========

A pelvic ring fracture is a high-energy injury and should be suspected in any patient whose history includes a suggestive mechanism (motor vehicle accident, crush injury, or fall from a height). When a pelvic fracture due to a high-energy injury is suspected, the standard first trauma radiograph is an anteroposterior view of the pelvis in the emergency setting. However, the present retrospective study showed that radiography detected only 51% of L5 TP fractures even with the knowledge that fractures had been detected on CT. This suggests that the presence of L5 TP fracture on initial radiographs may be underestimated or missed because of a poor image quality due to bowl gas or fecal material^[@B14]-[@B16])^.

Although the sensitivity of radiography for detecting L5 TP fractures was not high, an L5 TP fracture detected on radiography may be regarded as an indicator of the severity of the pelvic fracture in relation to the unstable fracture; the likelihood of fracture of the sacrum, pubis, or ischium; need for blood transfusion; need for surgical intervention compared with the no-L5 TP fracture group ([Table 3](#t003){ref-type="table"}). These findings suggest that, if an L5 TP fracture is diagnosed on initial radiograph in the emergency setting, it is necessary to conduct further investigations for pelvic ring fractures using CT and to alert the attending staff to the presence of a high-risk fracture. Our results based on both radiography and CT are similar to those of previous reports ([Table 2](#t002){ref-type="table"}).

As indicated by the odds ratio shown in the regression analysis, an L5 TP fracture based on either radiograph or CT may be regarded as an indicator of a fracture of the sacrum compared to patients with no L5 TP fracture. In patients with and without L5 TP fracture on radiography, 80% and 36% had sacral fractures, respectively (p \< 0.0001). In patients with and without L5 TP fracture on CT, 86% and 27% had sacral fractures, respectively (p \< 0.0001). Frequently these fractures are radiographically occult and, in particular, sacrum fractures are relatively underdiagnosed^[@B17],[@B18])^. The entire pelvis should be imaged on CT or magnetic resonance imaging in patients found to have L5 TP fractures on radiography, and a careful search for concomitant fractures is always warranted.

In addition, the presence of an L5 TP fracture on CT was associated with the need for blood transfusion. Although the decision to perform blood transfusion was dependent on the emergency department doctor, blood transfusion was required in order to hemodynamically stabilize patients with hypotension, i.e. systolic blood pressure \<80 mmHg. Because the major cause of death in patients with pelvic fracture is hemorrhaging, hemodynamic and temporary skeletal stabilization are important at the initial treatment^[@B1]-[@B6])^. Therefore, the early recognition of the need for transfusion may help guide both immediate and long-term treatment and ultimately could reduce morbidity and mortality. Our findings suggest that an assessment for L5 TP fracture on CT would be useful for the prediction of significant hypotension.

Several limitations associated with the present study must be noted. First, this was a retrospective, cross-sectional study. Second, the present study showed that L5 TP fractures on radiography and CT were associated with multiple parameters. However, a multiple regression analysis revealed that L5 TP fractures on radiography and CT were only significantly associated with sacral fracture and the need for blood transfusion; L5 TP fractures on radiography and CT did not indicate unstable pelvic fracture or the need for surgical intervention.

Of note, several authors have previously reported that L5 TP fracture is associated with unstable pelvic fracture^[@B7]-[@B11])^. However, most of those reports involved a small sample size, and the authors did not perform a multiple regression analysis. Our results are in line with those of the recent meta-analysis of Nasef et al.^[@B12])^ detecting no relationship between L5 TP fractures and unstable pelvic fracture. A prospectively designed large-scale study would be more informative for revealing the related influential factors, particularly unstable pelvic fracture.

In summary, we showed that L5 TP fractures on radiography and CT indicated a high risk of sacral fracture and the need for blood transfusion. When an L5 TP fracture is diagnosed on initial radiograph or CT in the emergency setting, it is necessary to conduct further investigations for pelvic ring fractures and to alert the attending staff to the presence of a high-risk fracture.
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